Background: Anemia is reported by many studies as an important risk factor for poor locoregional disease control and survival in head and neck carcinoma. We aimed to study the frequency and prognostic effect of low hemoglobin (Hb) level in head and neck squamous cell carcinoma (HNSCC) before radiotherapy (RT) and/or chemoradiotherapy (CRT). Material and Methods: We retrospectively studied the charts of 86 patients diagnosed with laryngeal and hypopharyngeal SCC in a university hospital in Cairo, Egypt. Based on the World Health Organization (WHO), anemia was diagnosed in males at Hb levels < 13 g/dl and <12 g/dl in females. We examined the Hb levels before radiotherapy alone or combined with chemotherapy and its impact on response to treatment and survival. Results: The median age was 56 years. 75/86 (87.2%) patients were males with performance status1 in 73/86 (84.9%) patients. The median Hb level was 13.1 g/dl. The pre-RT/CRT Hb level in female patients (n = 11) was <12g/dl in 4/11 (36.4%) and >12 g/dl in 7/11 (63.6%) patients. Pre-RT/CRT Hb level in male patients was <13 g/dl in 31/75 (41.3%) and >13 g/dl in 44/75 (58.7%). Tumor sites were larynx in 77 (89.5%) and hypopharynx in 9 (10.5%) patients. Disease stage 3, 4 was common in 59/86 (68.6%) patients. Thirty-six (41.8%) patients had surgery. 13/86 (15.1%) patients received induction chemotherapy, while 31/86 (36.0%) had concomitant chemoradiotherapy. Radiotherapy was given in 65/86 (75.58%) patients. The mean RT dose was 66 Gy. Non-anemic patients had significant higher inci- 25.8% of male patients with Hb < 13 g/dl had higher incidence of recurrence (p = 0.036) compared to recurrence in 39.5% of male patients with Hb > 13 g/dl (p = 0.403). Female patients whether anemic or non-anemic had no recurrence (p = 0.036 and p = 0.403 respectively). The median duration of DFS and OS was 6.52 and 9.33 months respectively. Pretreatment Hb level had statistical significant effect on response to treatment and overall survival, but not disease free survival. Conclusion: Nutritional anemia is common in developing countries. Our results support the positive prognostic effect of Hb level > 12 g/dl and >13 g/dl before radiation therapy and/or chemoradiotherapy on response to treatment and overall survival but not the disease free survival.
Introduction
Head and neck squamous cell carcinoma HNSCC is a locoregional disease [1] , where radiation therapy has a major role in achieving locoregional control whether alone, after surgery or concurrent with chemotherapy [2] [3] .
Anemia is a frequent problem in cancer patients that may develop before, during, or after treatment. The incidence of anemia among cancer patients at diagnosis was more than 40% and 67% of patients developed anemia during chemotherapy [4] . The incidence of cancer related anemia depends on the type of malignancy, disease stage, duration of the disease, type and intensity of treatment, surgery, and infections [5] .
Hemoglobin Hb level has been identified as one of the strong prognostic factors for tumor control and survival in HNSCC [6] - [13] . Anemia also has negative effect on the quality of life of cancer patients [14] . The prognostic value of anemia was studied at different treatment times in patients with HNSCC. Findings from most studies in HNSCC have consistently found that a low pretreatment Hb level is a predictor factor of local control and survival after radiotherapy [12] . The incidence of anemia markedly increases when radiation is combined with chemotherapy [15] [16] .
Low hemoglobin levels during radiotherapy and post-treatment were also found to affect treatment outcome for HNSCC [17] [18] , [11] although not as much investigated as pretreatment anemia. Pre-operative anemia plays a significant role in overall survival [19] , where low Hb levels impair tumor oxygenation thus reducing the effect of chemotherapy and radiotherapy [20] [21] .
Post-operative anemia was shown to be an independent prognostic factor for local recurrence in locally advanced HNSCC [19] [22] .
The range of Hb levels considered optimal for tumor oxygenation was re- [23] . The etiology of anemia may be multifactorial; the malignancy itself, a complication of the treatment, or the result of an associated comorbidity [24] . Iron deficiency anemia ID is the most common cause of anemia in both solid and hematologic malignancies [25] [26], particularly in low-middle income countries [26] . The prevalence of ID anemia was higher in patients with poor performance status, advanced tumor stage, after chemotherapy, and in persistent or progressive disease [27] .
Anemia contributes to hypoxia. Radiation interacts with oxygen to form labile free radicals to kill tumor cells. Anemia decreases the blood oxygen-carrying capacity, and may result in intratumoral hypoxia which compromises the outcome of radiotherapy in various malignancies even the small tumors [15] . Tumor hypoxia and anemia are both independent prognostic indicators of disease free and overall survival in solid tumors, including HNSCC. Hypoxia promotes progression of tumors via hypoxia inducible factor 1 pathway (HIF-1) which in turn up regulates factors that control angiogenesis, apoptosis, and tumor growth [28] [29].
The aim of this study was to investigate the effect of pre-radiotherapy and/or chemotherapy hemoglobin level on local control and survival of patients with laryngeal and hypopharyngeal SCC.
Material and Methods
We retrospectively reviewed the charts of 86 patients diagnosed with laryngeal Ain-Shams University Hospitals where they were diagnosed and some of them were operated on. The approval of the Ethical Committee of the Faculty of Medicine, Ain-Shams University was obtained. The patients were considered anemic if pre-RT/CRT hemoglobin was <12 g/dl in females and <13 g/dl in males according to the WHO criteria for anemia [30] . Performance was assessed using the Eastern Cooperative Oncology Group ECOG. Revised Response Evaluation
Criteria in Solid Tumors (RECIST) guideline (version 1.1) [31] was used to assess response to treatment as complete response CR or no CR. Acute toxicity during radiotherapy was graded according to the RTOG radiation toxicity criteria [32] .
Patient evaluation and staging work-up included complete history, physical examination, endoscopic examination, laboratory and as well as the radiological investigations (chest radiography, computed tomography (CT) and/or magnetic resonance imaging (MRI) of the primary tumor site and the neck). Patients with hemoglobin levels < 9 -10 g/dL received packed red cell blood transfusion and/or iron supplements. Stage designation was based on the American Joint Committee on Cancer (AJCC) Staging Criteria 7 th Edition [33] . CT neck was done 8 -10 weeks post treatment to assess response, and then repeated during
Statistical Analysis
It was done using the Statistical Package for the Social Sciences (SPSS) version 20. The qualitative data were presented as number and percentages while quantitative data were presented as mean, standard deviations and ranges when their distribution was parametric while non-parametric data were presented as median with interquartile range (IQR). Comparison of categorical variables was carried by using Chi-square test. DFS was calculated from date of start of radiotherapy and/or chemoradiotherapy till date of recurrence. OS was calculated from date of pathological diagnosis till date of last follow-up or death. The confidence interval was set to 95%. P-value < 0.05 was considered statistical significance.
Results
Eighty-six patients pathologically diagnosed with laryngeal and hypopharyngeal SCC were included in the study. The mean age was 56 years (range 27 -80 the end of the study period. After a median follow-up duration of 9.33 months, the median DFS of the patients was 6.52 months while the median OS was 9.33 months.
We studied the prognostic factors affecting response to treatment complete response (CR) versus no CR as shown in (Table 4 ). The treatment data were re- months respectively, p = 0.000). Patient, tumor and treatment characteristics in Pre-RT/CRT Hb > 12 g/dl and > 13 g/dl versus Pre-RT/CRT Hb < 12 g/dl and < 13 g/dl (Table 6 ):
The total number of anemic patients was 35/86 (40.7%) (Hb < 12 g/dl in 4 female patients and Hb < 13g/dl in 31 male patients,) (p = 0.000). 51/85 patients were non-anemic (Hb > 12 g/dl in 7 female patients, and Hb > 13 g/dl in 43 male patients (p = 0.000).
Anemic patients had predominance of PS 2 in 4/4 (100%) of patients with Hb < 12 g/dl, versus PS 1 in 30/31 (96.8%) of patients who had Hb < 13 g/dl (p = 0.000). 6/8 (75%) of patients with Hb > 12 g/dl had PS 2, compared to PS 1 in 41/43 (95.3%) of patients with HB > 13 g/dl (p = 0.000). Figure   6 and Figure 7 ). 
Discussion
Regardless of the etiology of anemia, its existence in cancer patients can impair treatment effectiveness and outcome and also negatively impact the quality of life of cancer patients [8] . Nutritional anemia, namely iron deficiency anemia (ID), has three-to four-times higher prevalence in the developing world than the developed world especially in population with more physiologic needs [34] .
The incidence of ID anemia increases after 50 years of age [35] . The median age of patients in our study was 56 years which is the same age reported by Narayanaswamy RK et al. [13] in their analysis of pre-CRT anemia in 91 patients with HNSCC. Anemia was diagnosed in 36.4% of our female patients and 41.3% of our male patients. In contrast, Dubray et al. [7] who defined anemia as hemoglobin level < 13.5 g/dl in men and < 12.0 g/dl in women, diagnosed anemia in 31% of men and 17% of women.
The incidence of anemia varies by tumor site. Dubray et al. [7] reported that the incidence of pre-RT anemia was 40% (20 of 50) for supraglottic SCC versus 12% (25 of 205) for glottic SCC. In the current study the incidence of pre-RT/CRT Hb < 12 g/dl was 100% in hypopharyngeal SCC and pre-RT/CRT Hb < 13 g/dl had 100% incidence in laryngeal SCC. with HNSCC studied by Dubray et al. [7] . Blitzer et al. [36] reported that low Hb levels were associated with advanced T-stage HNSCC treated with definitive radiation. We also observed that patients diagnosed with T3 -4 tumor tended to have low pretreatment Hb levels < 12 and <13 g/dl (100% and 61.3%
respectively, p = 0.124). Advanced nodal disease was detected in 50% of patients with Hb levels < 12 g/dl, whereas 58.1% of cases with Hb < 13 g/dl were node negative (p = 0.759). Node positive disease was diagnosed in 87.5% of patients with Hb > 12 g/dl, while 69.8% of Hb level > 13 g/dl was detected in patients with node negative tumors (p = 0.002).
With the increased use of concurrent chemotherapy with definitive radiation in HNSCC, most patients developed anemia [37] [38] . The incidence of pre-CRT Hb < 12 g/dl was 67%, while pre-CRT Hb ≥ 12 g/dl was 24% in 91 Indian patients with different sites head and neck SCC [13] . In the current study we found a higher incidence of pre-RT/CRT Hb < 12 g/dl in 50% of patients who received CRT, compared to 32.3% incidence in patients with Hb < 13 g/dl treated with CRT (p = 0.402). On the other hand only 25% and 39.5% of patients who were given CRT had Hb levels > 12 and >13 g/dl respectively (p = 0.413). 75% of our patients who were treated with induction chemotherapy also had a high incidence of Hb < 12 g/dl, but much less incidence in patients who had pretreatment Hb < 13 g/dl (p = 0.000).
Narayanaswamy et al. [13] compared toxicity of CRT below and above Hb 10.7 g/dl which is the common mean Hb level in India. The authors found that patients with pre-RT Hb ≥ 10.7 g/dl had lesser grade of mucositis compared to patients with pre-RT Hb < 10.7 g/dl. Mucositis reaction associated with pre-RT Hb level showed statistical significance (p < 0.0001). In agreement, our anemic cohort developed acute mucositis during radiotherapy (alone or combined with chemotherapy) in 75% of patients with pretreatment Hb < 12 g/dl and 67.75% of patients with Hb < 13 g/dl (p = 0.156). Acute mucositis tended to occur less with pre-RT/CRT Hb levels > 12 and >13 g/dl (p = 0.646).
The occurrence of anemia also varies by timing of measurements, where Dubray et al. [7] , showed that the incidence of pretreatment anemia was 40% (20 of 50) for supraglottic laryngeal SCC versus 12% (25 of 205) for glottic SCC. The incidence of post-RT anemia was 56% (25 of 45) for supraglottic SCC versus 23% (41 of 175) for glottic SCC. Welsh et al. [39] , prospectively studied 20 patients with HNSCC, the pre-CRT Hb was in the normal range but dropped to < 11.5 g/dl in 15% and > 11.5 g/dl in 85% of patients after treatment. Chua et al. [11] , randomized 334 patients with advanced nasopharyngeal SCC into RT alone arm and induction chemotherapy followed by RT arm. In the chemotherapy arm, the mean baseline, pre-radiation, and mid-radiation Hb levels were 13.6, 11.0, and 11.8 g/dL, respectively. In the radiotherapy arm, the mean baseline pre-radiation and mid-radiation Hb levels were 13.7 and 12.9 g/dL, respectively. Multivariate analysis showed that a low mid-radiation Hb level, but not a low baseline or pre-radiation Hb level, was an independent predictor of local disease recurrence and malignancy-related death. We did not assess post-treatment Hb [13] , in their analysis of 91 patients with HNSCC for the effect of pre-RT Hb levels in locally advanced HNSCC treated with CCRT, the authors found that performance status, pre-RT hemoglobin level, radiotherapy interruptions > 5 days and non-development of grade III mucositis were significantly associated with good locoregional control. Pre-RT Hb in HNSCC was shown by many studies to be an independent significant prognostic factor of response and survival [10] [36] [40] . Lower levels of pretreatment Hb were significantly associated with reduced local control and response at the tumor primary site [7] [9] [36] . Warde et al. [41] studied pre-RT anemia in 735 patients with T1-2N0 glottic SCC. Patients diagnosed with a pretreatment Hb < 12 g/dL were found through multivariate analysis to have a 1.8-fold increased risk for locoregional failure (95% confidence interval, 1.2 -2.5) compared to patients with Hb 15.0 g/dL. Similarly, we demonstrated that pretreatment Hb was among the significant prognostic factors predicting response to treatment, where 58.7% of Hb levels > 12 g/dl and >13 g/dl were associated with CR compared to 41.3% of Hb levels < 12 and 13 g/dl (p = 0.034). Narayanaswamy RK et al. [13] detected significantly better response (CR versus no CR) to treatment in patients with pre-RT Hb ≥ 12 g/dl than Hb < 12g/dl (p < 0.001). Blitzer et al. [36] demonstrated that low Hb levels were associated with local recurrence in advanced T-stage HNSCC patients treated with definitive radiation. The authors predicted an approximately 10% drop in locoregional control for every 2-g/dL drop (estimated 2-year locoregional control 26% for Hb = 12g/dL, 37% for Hb = 14g/dL, and 47% for Hb = 16). Few studies showed no correlation between local tumor control and pretreatment Hb in glottic SCC [42] [43] [44] . In a multivariate analysis of 116 patients with advanced unresectable HNSCC treated with CRT Haddad et al. [9] reported that pre-CRT Hb < 12 g/dl was associated with a worse response rate at the primary site (p = 0.05).
Pre-treatment Hb levels have been shown to be associated with overall and disease-free survival in HNSCC among other solid tumors [8] [15] . This correlation of pre-treatment anemia and outcome is documented with radiation therapy and surgery in HNSCC patients [45] . The majority of studies found that a low pre-treatment Hb level is a significant prognostic factor of local control and survival after curative radiotherapy independent of tumor factors as T-stage and N-stage. Low Hb levels were associated with worse survival [42] [43] . The levels of pre-treatment Hb in head and neck carcinomas that corresponded with poor OS and DFS outcome have been defined by retrospective studies to be 9, 12, 13, and 14.5 g/dl [7] [8] [10] [46] . According to Vaupel P et al. [23] the range of Hb levels considered optimal for tumor oxygenation was 12 -14 g/dl. It is likely that the Hb threshold depends on the specific type of malignancy, the timing of Hb 378 Journal of Cancer Therapy measurement, and addition of chemotherapy [11] . In accordance we identified pre-RT/CRT Hb level as one of the significant prognostic factors determining incidence of OS, where Hb levels < 12 and 13 g/dl versus Hb levels > 12 and >13 g/dl were associated with 21.3 and 27.2 months median OS (p = 0.000). However, the pretreatment Hb levels did not affect the incidence of median DFS of anemic and non-anemic patients (19.442, 19 .496 months respectively, p = 0.23).
Haddad et al. [9] did not observe a statistically significant impact of pretreatment Hb level on survival of HNSCC patients, where patients with Hb < 12 g/dl had a relatively better DFS (p = 0.109), while patients with Hb > 12 g/dl had better OS (p = 0.656).
The shortcomings of our study include the retrospective nature of the study, and the small number of patients in comparison to many similar studies in the literature. However, to the best of our knowledge this is the first study in Egypt of the frequency of anemia in head and neck SCC patients before radiotherapy and/or chemoradiotherapy and its effect on response to treatment and survival.
Conclusion
Anemia is a frequent problem in patients with head and neck squamous cell carcinoma. Evidence from the literature emphasizes the independent prognostic role of anemia for recurrence and survival which calls for formal protocol for hemoglobin monitoring before, during and after treatment. The Hb threshold which affects treatment outcome needs to be defined where it may vary according to the tumor site, from patient to patient, and timing of measurement. The hematologic definition of anemia may not necessarily be the oncologic definition [12] . In Egypt nutritional iron deficiency anemia is prevalent and is a common laboratory finding in head and neck carcinoma patients presenting to our institution.
